plays a central role in temperature reception (4, 8, I I, 15) . Moreover, the temperature of the POAH appears to be a primary driving force for the thermogenic activity of animals (cf. 11, 15 for recent reviews).
These calorigenic responses to changes in POAH temperature involve both shivering and nonshiveringl effecters, and there have been several types of observations bearing on the role of POAH temperature in the control of heat production.
For example: a) increases in the temperature of the POAH of animals at room temperature (2426°C) h ave been reported to cause a decrease in heat production in dogs (6), young (I-wk-old) guinea pigs (4), and baboons (24), with eventual decreases in body temperature and shivering being reported in the baboons; b) in general, decreasing the POAH temperature in a thermoneutral environment has been thought to induce shivering and increase oxygen consumption (7, 9, 25) The ends of the wire were exteriorized through a skin incision over the skull. The rat was then positioned in a stereotaxic frame and an incision was made along the midline plane of the skull in an anterior-posterior direction.
The skin was retracted laterally and the bone exposed along the length of the sagittal suture. Four holes were drilled through the skull: three for set screws to anchor an electrical connector and the fourth for insertion of a thermistor through the skull. Two of the set screws were posterior and lateral to bregma; the third was anterior and lateral to bregma. The third set screw was also utilized as a reference electrode. The thermistor (Veto 32Al2, 2,000 Q) was placed 5 mm below a point on the surface of the brain located on the coronal suture and approximately I mm lateral to bregma. Dental cement was used to secure the thermistor to the skull. The final placement of the stereotaxically implanted thermistor was : A 5.6 mm, L 1.0 mm, and V -2.7 mm as described by the KGnig and Klippel atlas (ZO), An ITT Cannon electrical connector (MDl-9SLl) was soldered to the EMG electrode leads, the thermistor, and the ground wire. The plug was permanently mounted to the top bf the skull with dental cement. Incisions were closed, the animal was removed from the stereotaxic frame, and the sutured incisions were sprayed with an aerosol topical antibacterial agent, Topazone. The rat was allowed to recover at 23 & 1 "C for a period of at least 4 days (at which time he had begun to regain body weight).
Measurements of temperature, shivering, and oxygen consumfition. For each experiment, oxygen consumption was initially measured at a room temperature between 24 and 28°C to establish a stable base line of metabolic activity. After this, the temperature of the water jacket was rapidly lowered and the rat chamber was held at a constant temperature between 10 and 16°C. Approximately 40 min after the onset of cold exposure (during the final 10-l 5 min of which the monitoring of shivering activity was initiated), the temperature of the hypothalamus was raised 2-3°C. Heating continued for lo-20 min and was followed by a lo-to ZO-min period of nonheating.
If the colonic temperature of the rat were stable, a second trial was initiated (i.e., 1 O-20 min of hypothalamic heating followed by a comparable period of nonheating) at the end of which the experiment was terminated.
When the colonic temperature of the rat did not stabilize during the nonheating period of the first trial, the experiment was terminated without exposing the rat to hypothalamic rewarming. Placement of therm &or. The anatomical location of the thermistor was determined in some rats by skull X rays (Fig. 1) ; in others, placement was ascertained with standard histological procedures. For the latter, an anesthetic dose of sodium pentobarbital was administered and 10 % Formalin was perfused through the aorta. The brain was removed and stored in buffered Formalin; after a minimum 24-h period, the tissue was dehydrated and embedded in paraffin. Serial coronal sections, 15 pm thick, were stained, mounted on slides, and examined microscopically.
RESULTS
The EMG potentials generated from shivering bursts differed considerably from base-line nonshivering activity (Fig. 2, A, B) . Tracings of both EMG potentials and the output of the function generator were displayed on the oscilloscope (Fig. 2, C, D) to verify that a burst of shivering elicited an associated pulse. Examination of the shivering bursts indicated that they were graded in amplitude and only those bursts that exceeded a threshold amplitude were counted.
(The amplitude and duration of each shivering burst, other variables (12), were not quantitated.)
As illustrated by the example shown in Fig. 3 , exposure of the rat to cold was followed by an increase in oxygen consumption and shivering activity. warming, the oxygen consumption of the rat apparently decreased while shivering increased. Since shivering is only a small component of the total oxygen consumption record, statistical correlations were necessary to evaluate the interaction of the shivering and 90, records during and after hypothalamic warming. Considering all trials (Fig. 4) , the Voz, which averaged 27.6 f 0.8 ml/min.kg0.73 (n = 23) during the 5-min control period prior to hypothalamic warming, was seen to decrease 5.6 =t 1.4 % (relative to control values) during the first 5 min of hypothalamic warming. The differences observed between these two experimental conditions were significant (P < 0.001) as determined by the Student t distribution with paired observations. The depressant effect during warming was reversed on cessation of heating, with the mean Vos after hypothalamic warming being equal to 28.6 f 0.7 ml/min.kg".73 (n = 20). Moreover, this warming-induced decrease in oxygen consumption was repeatable for the same rat on reheating of the hypothalamus either immediately after the first trial (as illustrated in Fig. 3 ) or on a subsequent day. Shivering was recorded during 12 experimental trials (performed on 6 rats; Fig. 4 ) and in all trials was always observed to be present during cold exposure. bursts/5 min) reflects a significant increase, P < 0.01 (53.6 f 23.3 % of the control activity), as determined by the Student t distribution for paired observations. This response tended to reverse after cessation of heating (3 = 109.3 f. 18.4 bursts/5 min) but could be elicited again in the same animal on hypothalamic rewarming.
DISCUSSION
The observation that warming the POAH of the coldexposed rat significantly decreased the heat production (oxygen consumption)
is consistent with prior findings in the dog (6, 10) and baboon (24). In previous work, however, the individual contributions of shivering and nonshivering to the total response were not quantitatively assessed; also, although several comments regarding the occurrence of shivering are reported, most appear to be based primarily on visual observation. In contrast, in the present study shivering was measured heat production is directly affected by increasing hypothalamic temperature ; in terms of the two computer simulations, the data are consistent with mode1 B2. That is, in model B2, a simplified version of which is diagramed in Fig. 5 , the neural controller requires inputs of hypothalamic and subcutaneous temperatures for the nonshivering effector output (NST), while temperature information from spina cord and subcutaneous areas determines the shivering output (ST). Accordingly, if the magnitude of nonshivering thermogenesis were to be reduced, shivering activity could be increased via signals over the pathway shown as a dotted line in Fig. 5 . Thus, if there were a decrease in heat generated by the cervical and/or interscapular brown fat pads, a resulting decrease in temperature of various critical areas (in this case, the cervicothoracic spinal cord) would stimulate shivering. This combinarion of a decrease in NST accompanied by increased shivering activity was indeed observed in the present experiments (Figs. 3 and 4) . (Note that the NST response (at least in brown fat) appears to be rapid enough (17) Briick and Wiinnenberg (4) . In the latter study (4), hypothalamic warming of young (I-wk-old), cold-adapted guinea pigs at an ambient temperature of 25°C was followed by a decrease in oxygen consumption with no observed effects on shivering, However, unlike the situation in the present experiments, it appears that the guinea pigs may not have been cold stressed, and therefore, no base-line levels of shivering were available for evaluating the efiects of hypothalamic heating. Thus, the results from the cold-exposed rats indicate that warming of receptors that channel signals to a specific area for control of NST may indirectly affect ST (e.g., via the feedback pathway shown as a dotted line in Fig. 5) . The extent to which these data can be generalized to include other mammals is not clear since the necessary information (i.e-, the effect of receptor warming on both ST and NST in cold-exposed animals)
is not yet available. This interpretation is consistent with the finding that cold-exposed rats are still capable of shivering even when the POAH region is ablated (2 1).
On the basis of these considerations and the results of the present experiments, it would appear that in cold-exposed rats the increased temperature of the POAH is directly involved in the regulation of NST but has no such direct action on shivering.
That is, in these animals, thermal information from cutaneous and hypothalamic thermoreceptors does not appear to be integrated in the same fashion by neurocontrollers for shivering and nonshivering heat production.
Thus 
